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Plasma protein concentration and colloid osmotic pressure in nepbrotlc
rats. Colloid osmotic pressure (COP) was related to plasma total protein
concentration in rats with adriamycin nephrosis. Nephrotic rats were
divided into three groups on the basis of plasma albumin concentration.
Measured values for COP were 6 to 8 mm Hg below those predicted by
the Landis-Pappenheimer equation in group 3 plasma samples with
albumin concentrations 0.5 to 1.0 g/dl. In contrast, measured values for
COP were only slightly below those predicted by the Landis-Pap-
penheimer equation in group 2 plasma samples with albumin concen-
trations 1.0 to 1.5 g/dl and in group 1 plasma samples with albumin
concentrations 1.5 to 2.0 g/dl. The reduction in concentration of
albumin was accompanied by an increase in the concentration of
non-albumin proteins in each group of nephrotic rats. COP exerted by
these non-albumin proteins partially offset the reduction in COP attrib-
utable to reduced albumin concentration. Results show that the Landis-
Pappenheimer equation significantly overestimates COP only in ne-
phrotic rats whose plasma albumin concentration is very markedly
reduced.
Experimental assessment of net glomerular hydraulic perme-
ability, represented by the ultrafiltration coefficient Kf or LpA,
requires estimation of colloid osmotic pressure in afferent and
efferent arteriolar plasma. Colloid osmotic pressure values in
most studies of glomerular function are derived from the total
concentration of plasma proteins. Several studies have verified
that colloid osmotic pressure in normal rats is accurately
predicted by the equation derived by Landis and Pappenheimer
for human plasma in which the concentrations of albumin
slightly exceeds that of globulin [1—3]. As noted by Landis and
Pappenheimer [1], reduction of the albumin to globulin ratio will
reduce colloid osmotic pressure for a given plasma total protein
concentration. Thus, Navar and Navar [4] found that because
the concentration of albumin is less than the concentration of
globulin in dogs, the Landis-Pappenheimer equation overesti-
mates colloid osmotic pressure in this species. The present
study examines the relation between colloid osmotic pressure
and plasma protein concentration in rats with experimental
nephrosis. Previous studies have shown that total plasma
protein concentrations may remain at near normal levels in rats
with heavy proteinuria [5—7]. The work of Landis and Pap-
penheimer [1] and of Navar and Navar [4] suggests, however,
that standard formuli might overestimate colloid osmotic pres-
sure in nephrotic rats if the serum albumin concentration is
reduced while the non-albumin protein (globulin) concentration
is increased.
Methods
Plasma was obtained by exsanguination of 68 male Munich
Wistar rats. Anticoagulation was achieved with heparin, 100
U/ml, to avoid altering colloid osmotic (oncotic) pressure [8].
Twelve rats served as normal controls. Adriamycin, 3.0 to 3.5
mg/kg, was administered by tail vein to 56 rats and plasma
obtained two to four weeks later. To provide adequate sample
size, plasma from rat pairs with similar albumin concentrations
was combined, yielding six samples from control rats and 27
samples from nephrotic rats.
Concentrations of total protein and albumin and colloid
osmotic pressures were measured in each sample. Total protein
was measured by the modified Lowry technique to prevent
assay interference by plasma lipids [9]. Albumin was measured
by nephelometry (JCN Analyzer II, Beckman Instruments, Palo
Alto, California, USA) using antibody to rat albumin (Cooper
Biomedical, Malvern, Pennsylvania, USA). Duplicate measure-
ments of colloid osmotic pressure were made at room temperature
with a Weil membrane oncometer (Instrumentation Labs.,
Lexington, Massachusetts, USA) and corrected to 37°C [10].
Total protein and colloid osmotic pressure were also measured
in aliquots of each sample following dilution (saline addition) to
lower protein content and ultrafiltration (Minicon Concentrator,
Amnicon, Danvers, Massachusetts, USA) to increase protein
content. For each plasma sample, colloid osmotic pressure was
compared to plasma total protein content at concentrations of
approximtely 0.33, 0.66, 1.3, and 1.6 times that of the original
sample. Measurement of colloid osmotic pressure in samples
rediluted with saline established that the concentrating process
did not remove oncotically active macromolecules.
In nine nephrotic plasma samples with mean albumin con-
centration 1.02 g/dl and in six control plasma samples, plasma
protein composition was further analyzed by cellulose acetate
electrophoresis. Aliquots of these samples were also subjected
to SDS polyacrylamide gel electrophoresis (10% gel) and stained
with silver nitrate.
Results
Values for plasma total protein and albumin concentrations
and for measured and predicted colloid osmotic pressure in
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Table 1. Mean values SE for total protein, album in, and measured and predicted oncotic pressure in control a nd nephrotic groups
Mean
Albumin range
gidi
Control
(N = 6)
3.7—4.6
Group I(N = 6)
1.5—2.0
Group 2(N = 8)
1.0—1.49
Group 3(N = 12)
0.5—0.99
Total protein gld!
Albumin g/dl
irmeasured mm Hg
predicted mm Hg
6.04 0.1
4.23 0.14
21.0 0.5
20.5 0.5
5.51 0.Ia
1.75 0.07k
15.9 0.3a
17.9 0.5a
5.47 o.la
1.33 005a,b
14.4 02a,b
17.8 0.5k
5.62 O.l
0.71 003a.b,c
11.7 03a,b,c
18.5 o.4
Abbreviations are: r, colloid osmotic pressure; IT predicted, values obtained with the Landis-Pappenheimer equation.
a P < 0.05 group 1, 2, or 3 vs. control
b P < 0.05 group 2 or 3 vs. group I
P < 0.05 group 3 vs. group 2
40
30
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Fig. 1. Curves obtained by regression analysis for colloid Osmotic
pressure as a function of plasma total protein concentration in group 1
(----), group 2 (— —), and group 3 (—.—.) nephrotic rats. The relation of
colloid osmotic pressure to plasma total protein concentration predicted
by the equation of Landis and Pappenheimer (—) is plotted for
comparison. Equations for the fitted curves are:
group 3 ir mm Hg = 0.325 c + 0.344 c2, R = 0.994;
group 2 ii mm Hg = 1.286 c + 0.284 c2, R = 0.987;
group 1 ii mm Hg = 1.128 c + 0.347 c2, R = 0.990;
where c = total protein in g/dl and IT = colloid osmotic pressure.
nephrotic and control rats are given in Table 1. Nephrotic rats
are divided into three groups with plasma albumin concentra-
tions 1.5 to 1.99 g/dl in group 1, 1.0 to 1.49 g/dl in group 2, and
0.50 to 0.99 g/dl in group 3. Total protein concentration was
reduced by approximately 0.5 g/dl below normal in nephrotic
rats and was not different among the three groups. Mean
albumin concentration in the nephrotic groups ranged from 1.75
0.07 to 0.71 0.03 g/dl as compared with the value of 4.23
0.14 g/dl obtained in normal rats. The measured value for
colloid osmotic pressure in normal rats, 21.0 0.5 mm Hg,
agreed closely with the value predicted by the Landis-Pap-
penheimer equation. In each of the nephrotic groups, measured
colloid osmotic pressure was reduced below the measured
value in normal rats and the value predicted by the Landis-
Pappenheimer equation. The relation of colloid osmotic pres-
sure to total plasma protein concentration in each nephrotic
group is depicted in Figure 1. Second order polynomial curves
Total protein g/dl
Fig. 2. Colloid osmotic pressure as a function of plasma total protein
concentration in group 3 rats. Individual data points (0) as well as the
relations obtained by regression analysis (lower curve) and predicted by
the equation of Landis and Pappenheimer (upper curve) are plotted.
derived by regression analysis of the observed data (from 30 to
60 data points for each curve) are compared with a plot of
values predicted by the Landis-Pappenheimer equation. Marked
reduction of measured colloid oncotic pressure below predicted
values was observed only in group 3 rats in which the ratio of
albumin to non-albumin protein was reduced to the very low
average level of 0.15:1. A comparison of the three groups may
be made by estimating the average reduction of colloid osmotic
pressure below predicted values in the range of plasma protein
concentrations occurring in the glomerular capillaries. This
concentration range would be approximately 5.5 g/dl to 8.5 g/dl,
assuming a filtration fraction of  0.33. As indicated by the
curves in Figure 1, values for colloid osmotic pressure in group
1 and group 2 remained within 3 mm Hg of the values predicted
by the Landis-Pappenheimer equation over this range. In con-
trast, values for colloid osmotic pressure in group 3 were
reduced by an average of 6.5 mm Hg for plasma protein
concentrations between 5.5 gIdl and 8.5 g/dl. Individual data
points and the curve derived for group 3 are illustrated in Figure 2.
Inspection of Table 1 reveals that reduction of plasma albu-
min concentration in nephrotic rats was accompanied by a
significant increase in the concentration of other serum pro-
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Fig. 3. Colloid osmotic pressure in control and nephrotic rats. Closed
bars depict measured total colloid osmotic pressure while open bars
depict the portion of colloid osmotic pressure attributable to non-
albumin protein. (* C .05 vs. control).
teins, thus maintaining total protein concentration close to
normal. This increase in non-albumin proteins served partially
to offset the reduction in colloid osmotic pressure which would
result if albumin concentration were reduced while the concen-
trations of other plasma proteins remained unaltered. The
respective contributions of albumin and non-albumin proteins
to colloid osmotic pressure were estimated by the method of
Nitta et al [11]. As shown in Figure 3, the colloid osmotic
pressure exerted by non-albumin proteins increased signifi-
cantly as the measured oncotic pressure was reduced in ne-
phrotic rats. Cellulose acetate electrophoresis in control rats
and in nephrotic rats revealed that most of the increase in
non-albumin protein was in the a1 fraction (data not shown).
SDS gel electrophoresis in these rats revealed a notable in-
crease in plasma content of proteins with molecular weights of
approximately 140,000 and 170,000 daltons (Fig. 4). There was
also an apparent increase in plasma content of proteins with
molecular weights of approximately 30,00 and 10,000. Because
the conditions of SDS gel electrophoresis can cause proteins to
disassemble, these lower molecular weight protein bands may
not represent circulating macromolecules.
Discussion
Results of the current study show that the Landis-Pap-
penheimer equation, which has been validated for normal rats,
may not be accurately applied to nepbrotic rats with markedly
reduced plasma albumin concentrations. Use of the Landis-
Pappenheimer equation in these rats would lead to overestima-
tion of colloid osmotic pressures and underestimation of the
pressure of ultrafiltration used to calculate the glomerular
ultraffitration coefficient (Kr). Decrements in Kf which have
been associated with glomerular epithelial cell injury and heavy
proteinuria could thus be underestimated [1, 6, 11]. The current
study provides empiric relations for estimating colloid osmotic
pressure from plasma protein concentration in rats with adri-
amycin nephrosis. Of note, the reduction in colloid osmotic
pressure attributable to the loss of plasma albumin was found to
Fig. 4. SDS electrophoresis of nephrotic and normal rat plasma.
Marker proteins and their respective molecular weights in kilodaltons
(kDa) are shown in Lane A. Rat albumin and immunoglobulin 0
(divided into constituent heavy and light chains) are shown in Lanes B
and C, respectively. Nephrotic plasma (Lanes D, E and F) and normal
plasma (Lanes 0, Hand I) demonstrate a reduction in the staining of the
band corresponding to albumin, and increased staining of protein bands
at approximately 140 and 170 kDa.
be partially offset by an increase in osmotic pressure exerted by
non-albumin proteins. The nature of the plasma protein constit-
uents which maintain oncotic pressure when albumin concen-
tration is reduced in this model has not been established. In the
recently described Nagase analbuminemic rat, oncotic pressure
is only slightly below normal, averaging approximately 15 mm
Hg despite the complete absence of plasma albumin [12].
Normal total plasma protein concentration and near normal
colloid osmotic pressure in these rats is maintained by in-
creased levels of several plasma proteins including a2 macro-
globulin, transferrin, immunoglobulin 0, and an a1 glycoprotein
[13]. Increased plasma concentrations of ai and /3 globulins
have been observed in rats with puromycin-nephropathy [14,
15]. The size and precise identity of the proteins found in
increased concentration has not, however, been established. In
the current study, protein electrophoresis revealed increases in
the concentrations of plasma protein constituents having mo-
lecular weights of approximately 140,000 to 170,000 and appear-
ing in the a1 region on cellulose acetate electrophoresis. The
empiric relations we derived indicate that these proteins are
remarkably effective in maintaining colloid osmotic pressure
only slightly below normal in rats with serum albumin concen-
trations from 1.0 to 2.0 gJdl. Studies in various models of
experimental nephrosis have reported mean albumin concen-
trations ranging from as low as 0.6 g/dl to near normal values
[14, 16—20]. Our findings show that the Landis-Pappenheimer
equation significantly overestimates colloid osmotic pressure
only in rats whose serum albumin concentrations are very
markedly reduced.
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